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7o all whom it may concern:

Be it known that I, Cuarres H. ScHURR,
a citizen of the United States, residing at
city of Cleveland, in the county of Cuya-
hoga and State of Ohio, have invented a
new and useful Improvement in Methods of
Generating Worm- Wheels, of which the fol-
lowing is a specification, the principle of
the invention being herein explained and the
best mode. in which I have contemplated
applying that principle, so as to distin-
guish it from other inventions.

My 1invention relates to the method of
employing a new kind of cutting tool. More
particularly I comprehend the use of a tool
of the tapered worm type especially adapted

. to cut worm wheel teeth by a generating
. actlon.
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‘One object of the invention is to effect an
absolutely perfect cutting of the tooth faces
according to the generating method in which
both tooth and tool are moved into opera-
tive engagement at predetermined correlated
rates of speed. Another object is to effect
shearing cuts of any degree of delicacy and
hence to attain a smoother finish. A fur-
ther object is simultaneously to cut opposite
sides of a tooth with infallible uniformity.
In consequence of these objects this inven-
tion constitutes a modification of the inven-

tions of Ernest J. Lees to whom domestic

patents Number 1,168,402 of January 18,
1916, and Number 1,175,066 of March 14,
1916, were issued. :

I would have it clearly understood that
in using the word “spiral” in the claims I
have reference to aline composed of a series

of convolutions of progressively varying di-

ameter, or to what is' sometimes spoken of
as an advancing spiral. I therefore distin-
guish the meaning of the word spiral from
the meaning of the word “helical” which
latter I believe defines a curve composed of
duplicated convolutions all' of which are of
like diameter. . : -
With the foregoing and other objects in
view the invention consists of the novel
arts as héreinafter
more specifically described and illustrated
in the accompanying drawings, wherein is
shown one way of practising the invention,
but it is to be understood that changes, va-
riations and modifications can be resorted

.to which come within the scope of the claims

hereunto appended.

Specification of Letters Patent.

" outside diameter.
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Adverting to the drawing: .

Figure I'is an elevation of a tool em-
bodying my invention showing the conclud-
ing position of its use upon a tooth of a
worm gear. ‘

IFig. IT is an axial section of the same
showing the manner in which another cutter
is enabled to effect a symmetrical contour
to the cutting edges of my novel tool.:

A part of a worm gear 1 having teeth 2
is illustrated. in Fig. I. As is apparent
each of the teeth is thicker at the root and
they all have concaved tops known as
throats. The cutting tool comprises re-
duced ends or shanks 3 while in between
the cutting edges are raised as winding-
lines about a bottom diameter 4 which as

‘shown is of larger size than the shanks and

substantially cylindrical.
According to the selected exemplification
the tool is of the single thread type, but ta-
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pered in a peculiar manner so that what

may be referred to as convolutions are
formed, each gradually varying in size of
The entire screw forma-
tion has been designated by the numeral 5.
It will be noticed that the top 6 is con-

caved for the purpose of accentuating the

pair of similar cuttinf edges 7. Owing to
the tapered form to which the tool has been
ground as by some suitable tool 8 provided

-with a convex end the spiral cutting edges

have point intersections with any axial
plane. Owing to the fact that the thread
is thinner at the top, the two cutting edges
diverge or become farther spaced apart
along any -given line parallel to the axis
which latter they ‘would intersect if con-
tinued. The cutting edges converge as they

‘recede from the axis of the tool. - Moreover,

such points of intersection of the cut*ing
edges 7.with a given axial plane. of the
tool are spaced like. distances .from such
axis. It is this which enables the symmetry
of cut from any.adjacent pair-of:tooth
faces of the worm-wheel. ‘The diameter and
width of: the bottom of the thread remains
constant. : : o S

In operation the

smaller end of the tool

. 1s caused to approach the worm wheel by

movement parallel to the axis of the tool
until it presently starts to effect compound
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shearing .cuts progressively nearer to the -

axis of the wheel. Thereafter the tool
passes through as suggested by the position
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“in the direction of inclination of the thread

shown in Fig. I. The shearing cuts should
be understood to be rather fine and are in-
tended to be finishing or burnishing in the
smoothness of sesult effected. Owing to the

‘rotations having been correlated to a true

generating action, and to the progressive
cutting of the edges from adjacent tooth
faces, a single passage or cycle of the tool
suffices. o _ i :
It is to be observed that my tool is fash-

joned with a raised portion or convolved.

projection or thread of varying outermost
thickness. Lying in the outer surface of
said thread and coinciding as to the di-
rection of its extent with the thread’s in-
clination are a pair of spiral cutting edges.
The two spiral cutting edges would if con-
tinued both intersect the axis of the tool, but
in ‘approaching the axis.diverge relatively
to each other. They therefore converge as
they recede from the axis. Clearly, the
edges 7 define the extreme outer periphery

of the thread. By the word. “convolution”.

is meant one full turn about the axis of the
length of any cutting edge starting in any

axial plane and extending around the. tool:

axis until it again intersects the same plane.
The curved cutting edges of the tool roll be-
tween opposed tooth faces of the blank in
the direction of curvature of such edge and

- 'with which the worm wheel teeth are in-
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tended to have true generating interaction.
In. other words, spirally directed cuts are
made lengthwise of, not crosswise to, the in-
clination . of; the worm wheel teeth. The
thread comprises a plurality of continuous
convolutions. Each of the cutting edges 7
may be said to comprise sections which lie
in a single spiral line so that all of said sec-
tions are presented lengthwise to the inecli-
nation of the thread. '

"I claim:— ~ B :

~ 1. The method of generating worm wheel
teeth which consists In rotating a blank and
tool at correlated rates of speed, simul-

taneously effecting a distinet relative move-
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ment and making pairs of cuts from opposed
faces of adjacent teethduringthe period
of cutting engagement for each revolution
of the blank, said pairs of cuts varying
uniformly in one respect and varying dif-
ferently in another respect.- :
2. The method of generatgng worm wheel
teeth which consists in rotating a blank and
tool at correlated rates of speed, simultane-

ously effecting a distinet relative movement

-and continuously making a pair of cuts

60

from opposed faces of one

teeth throughout the period of cutting en-

-gagement, said cuts while varying uniformly

bl

an distance from each other measured par-

allel to the tool axis being at equal depths
at one parbicular moment. _
8. The method of .generating worm wheel

gair of adjacent

1,329,805

teeth which consists in rotating a blank and
tool at correlated rates of speed, and caus-
ing the latter successively to make groups
of non-radial cuts from different tooth sides

.respectively so that the cuts of each group

commence the same distance from the pitch
line. o

70

4. The method of generating worm wheel -
teeth which consists in rotating a blank and -

tool at correlated rates of speed, and caus-
ing the latter to make pairs of cuts succes-
sively from different tooth faces and pro-
gressively - farther away from the axis of
the tool and progressively nearer each other.

'5.-The method of generating worm wheel
teeth which consists 1n rotating a blank and
tool at correlated rates of speed, effecting a
distirict relative movement between the opera-

tive parts, and making a plurality of pairs

of like cuts from oppesed faces of adjacent
teeth respectively, each pair being made to-
ward and progressively nearer the roots of
said teeth. ' _ .

6. The method of generating worm wheel
teeth which consists in: rotating a toothed
blank and threaded tool at correlated rates of
speed, effecting a distinct relative move-
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ment between the operative parts, and mak- -

ing a plurality of continuously merging cuts
simultaneously from each of two tooth faces
respectively toward their roots and succes-
sively at equal and uniformly varying
depths. ’

7. The method of generéting worm wheel

teeth which consists in rotating a toothed
blank and threaded tool at correlated rates

* of speed, effecting a distinct relative move-

ment between the operative parts, and mak-
ing a series of pairs of like cuts successively
from different pairs of tooth faces, the like
pair of cuts from said faces being made
progressively nearer the roots of said teeth
respectively. - ’ '

8. The method of generating worm wheel
teeth which consists in rotating a toothed

95

100

105

110

blank and threaded tool at correlated rates

of speed, effecting a distinct relative:move-

ment between the operative parts, and suc- -

cessively making like pairs of cuts from ad-

‘jacent gear tooth faces.which cuts continu-

ously merge into each other respectively,
and. progress uniformly together from the
tops to the roots of the teeth. - : g

9. The method of generating a worm

wheel which consists in rotating a toothed.
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blank and threaded tool in engagement with

each other at correlated rates of speed, mov-
ing one axially and simultaneously making
a pair of different cuts from one pair of ad-
jacent tooth faces and a pair of like cuts
from another pair of adjacent tooth faces
and in a direction away from their tops.
-10. The method of generating a worm
wheel which consists in rotating a toothed
blank and threaded tool in engagement with
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each other at correlated rates of speed, mov-
ing one axially and successively making first
a pair of different cuts from a certain pair
of adjacent tooth faces and then a pair of
like cuts from the same pair of adjacent
tooth faces, cuts being moreover made simul-
taneously from two adjacent pairs of ad-
jacent faces in a direction from top .to
bottom.

11. The method of generating a worm
wheel tooth which consists in rotating a
blank and tool at correlated rates of speed,
effecting a distinct relative movement be-
tween the operative parts, and causing the
latter continuously to make pairs of cuts
at equal depths from different tooth faces
respectively, each pair of cuts at any given
moment having a correspondingly different
locational relationship to the pair of cuts
which are being made at another moment.

12. The method of generating a worm
wheel tooth which consists in rotating a
toothed blank and threaded tool at cor-
related rates of speed, effecting a distinct
relative movement between the operative
parts; and causing points on the latter to
make pair of cuts at equal depths from dif-
ferent tooth faces respectively, the pairs
of cuts being made toward and at successive

‘moments progressively nearer to one of the

axes of rotation.

13. The method of generating worm
wheel teeth which, consists in imparting
correlated rotational movements to a toothed
blank and threaded tool and causing the lat-
ter to make a pair of cuts toward the axis

~and from opposed faces of the blank, which

pair of cuts are constantly at equal distances
from the axis of the tool, at progressivel
varying distances from the axis of the blan
and each other and along reversed involute
curves respectively during the staggered or
meshing relation of the nearest edges of the
blank and tool. - ‘
14. The method of generating worm wheel

- teeth which consists in imparting correlated
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rotational movements to a blank and tool
effecting a distinct relative movement in a
direction parallel to one of the axes of rota-
tion and making pairs of shearing cuts from
adjacent tooth faces which progress uni-
formly in a direction toward, and at any
moment are equal distances from, the axis
of the blank while the tool intersects the
periphery of the blank.

15. The method of generating worm
wheel teeth. which consists in imparting
correlated rotational movements to a blank
and tool, moving one of said operative parts
along its own axis and making pairs of
axially symmetrical - cuts {rom adjacent
tooth faces progressively nearer the axis of
the blank while the tool intersects the pe-

. riphery of the blank.

16. The method of generating worm wheel

3

teeth which consists in rotating a blank and
tool at correlated rates of speed, and causing
a pair of cutting edges disposed with refer-
ence to a common axis of rotation to make
cuts simultaneously along paths which inter-

sect such axis and which intersect each other.

17. The method of generating worm wheel
teeth which consists-in rotating a blank and
tool at correlated rates of speed, and causing
a tool to make at one moment a pair of cuts
from adjacent tooth faces toward and at
equal distances from the. axis of the blank
and at another moment to make a cut in con-
tinuation of one of said first mentioned cuts
from a tooth face in a direction away from
said axis,

18. The method of generating worm wheel
teeth which consists in rotating a blank and
tool at correlated rates of speed, and causing
the tool simultaneously to cut from the blank
at a plurality of points each disposed in one
of a pair of converging lines wound about
one of the axes of the tool.

" 19. The method of generating worm wheel
teeth which consists in rotating a toothed
blank and threaded tool at correlated rates
of speed, and causing the tool simultane-
ously to make cuts from adjacent tooth sides
of the blank at a pair of points lying in
converging spiral lines, which points con-

-stantly and uniformly vary in distance from

one of the axes of rotation.

20. The method of generating worm wheel
teeth which consists in rotating a blank and
tool at correlated rates of speed, effecting a

‘further movement of one of the parts paral-

lel to the axis of one of the parts and caus-

‘ing the tool simultaneously to make pairs

of continuous cuts from the blank at points
which are.a progressively varying distance
from each other and from the axis of said
tool. : :

21, The method of generating worm wheel
teeth which consists 1n rotating a toothed
blank and threaded tool at correlated rates
of speed, effecting a distinct relative move-
ment between the operative parts, and caus-
ing a cut to be made from the sides of the
teeth along a line of varying distance from
one of the axes of rotation and wound about
one of the axzes of rotation.

22. The method of generating worm wheel
teeth which consists In rotating a toothed
blank and threaded tool at correlated rates
of speed, effecting a distant relative move-
ment between the operative parts, and caus-
ing a cut to be made from the sides of the
teeth along a line of varying distance from
one of the axes of rotation and extending
along one of the axes of rotation.

23. The method of generating worm wheel
teeth which consists In rotating a toothed
blank and threaded tool at correlated rates
of speed, effecting a distinet relative move-
ment between the operative parts, and caus-
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ing a cut to be made from the sides of the
teeth along a line of varying distance from
ohe of the axes of rotation and wound about
and extending along one of the axes of ro-
tation.

24. The method of generating worm wheel
teeth which consists in rotating a toothed
blank and threaded tool at correlated rates
of speed, effecting a distinet relative move-
ment between the operative parts, and caus-
ing a pair of cuts to be made from adjacent
tooth sides along lines:of varying distance
from one of the axes of rotation and which
lines are wound about so as to have different
rates of advance along one of the axes of
rotation. :

25. The method of generating worm wheel
teeth which consists in rotating a toothed
blank and threaded tool at correlated rates of
speed, effectinga distinct relative movement
between the operative parts, and causing a
continuous cut ‘to be made along a spiral
line during the entire period of engagement
of the operative parts. '

26. The method of generating worm wheel

‘teeth which consists in rotating a toothed

blank and threaded tool at correlated rates
of speed, effecting a distinct relative move-
ment between the operative parts, and caus-
ing a pair of cuts to be made from the sides
of the blank’s teeth along two spiral lines
which converge. =

27. The method of generating worm wheel

" teeth which consists in rotating a toothed

blank and threaded tool at correlated rates

1,320,806

of speed, effecting a distinct relative move-.

ment between the operative parts, and caus-
ing a pair of cuts simultaneously to be made
along two spiral lines which converge.

28. The method of generating worm wheel
teeth which censists in rotating a toothed
blank and threaded tool at correlated rates
of speed, effecting a distinct relative move-
nient between the operative parts, and caus-
ing a pair of cuts to be made from the sides
of the blank’s teeth along two spiral lines

‘which converge as they recede from a com-

mon axis. o

29. The method of generating worm wheel
teeth which consists in rotating a toothed
blank and threaded tool at correlated rates
of speed, effecting a distinct relative move-
ment between the operative parts, and caus-
ing spirally. directed cuts to be made length-
wise to the inclination of the. worm wheel
teeth. S :
- 30. The method of generating worm wheel
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teeth which consists in rotating a toothed |
blank and threaded tool at correlated rates .

of speed, effecting a distinct relative move-

60

ment between the operative parts, and caus- -

ing a curved cutting edge of the tool to roll
between opposed tooth faces of the blank
in the direction of curvature of such edge
and in the direction of inclination of .the
thread with which the worm wheel teeth are
intended to have true generating interaction.

Signed by me, this 9th day of April, 1917.

CHARLES H. SCHURR.
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